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by the driver is identified using a position determination unit.
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mation on the location of a boundary along the road and a
preferred trajectory to be driven along the road. A controller
determines whether a current trajectory of the vehicle while
travelling the road is deviating from the preferred trajectory of
the vehicle along the road. A feedback operation is provided
to assist the driver in guiding the vehicle nearer to the pre-
ferred trajectory based on the selected parameter.
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1
METHOD AND SYSTEM OF ASSISTING A
DRIVER OF A VEHICLE

BACKGROUND

1. Field of the Invention

The present invention generally relates to a method and
system of assisting a driver of a vehicle. More specifically, the
present invention relates to a method and system disposed in
a vehicle that provides a feedback operation to assist a driver
in guiding the vehicle nearer to a preferred trajectory based on
a selected parameter map.

2. Background Information

Conventional technology exists that assists a driver of
vehicle in recognizing the environment surrounding a
vehicle. In one such system, the lane departure tendency of
the vehicle is detected based on a lane dividing line or lane
border and a future position of the vehicle after a predeter-
mined time period is calculated. When the system determines
that lane departure is imminent, the system controls the
vehicle to move in such a direction that lane departure is
prevented as disclosed in, for example, Japanese Patent Unex-
amined Publication No. 2000-33860.

SUMMARY

It has been discovered that in driver assistance systems
providing feedback to the driver of the vehicle based on the
location of the vehicle along a road, features of the road and
parameters is desirable. For example, when traveling on a
road (e.g., a narrow road or a busy multilane road), a driver
may be uncomfortable with the distance between the vehicle
and the road boundary, as well as the position of the vehicle
within the road. In such situations, each individual driver may
desire a preferred trajectory along the road.

In view of the state of the known technology, one aspect of
the present disclosure is to provide feedback to the driver
based on a preferred trajectory and a driver’s individual skill
and preference, and other desired parameters or factors. In
one disclosed embodiment, a method of assisting a driver of
avehicle includes identifying a road to be driven by the driver
using a position determination unit. A parameter is selected to
assist a driver of the vehicle in driving a segment of the road.
The parameter includes information on the location of a
boundary along the road and a preferred trajectory to be
driven along the road. A controller determines whether a
current trajectory of the vehicle while travelling the road is
deviating from the preferred trajectory of the vehicle along
the road. A feedback operation is provided to assist the driver
in guiding the vehicle nearer to the preferred trajectory based
on the selected parameter map.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of this original disclosure:

FIG. 1 is a schematic top view of an vehicle having a driver
assistance system in accordance with an exemplary embodi-
ment of the present invention;

FIG. 2 is a schematic top view of first and second trajecto-
ries for a vehicle to follow while traveling along a road;

FIG. 3 is a schematic top view of a vehicle having the driver
assistance system illustrated in FIG. 1 traveling the first tra-
jectory of FIG. 2 along a road;

FIG. 4 is a schematic top view of avehicle having the driver
assistance system illustrated in FIG. 1 traveling the second
trajectory of FIG. 2 along a road;
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FIG. 5 is a graph illustrating an assist force applied to the
vehicle based on a distance from the preferred trajectory for a
single point along the trajectory;

FIG. 6 is a graph illustrating the assist force applied to the
vehicle based on a distance from the preferred trajectory for a
plurality of points along the trajectory;

FIG. 7 is a schematic top view of first and second trajecto-
ries for a vehicle along a road and indicating a position along
the trajectories;

FIG. 8 is a graph illustrating the assist force applied to the
vehicle based on the distance from the first and second tra-
jectories at the position indicated in FIG. 7;

FIG. 9 is a schematic representation of the driver assistance
system in accordance with an exemplary embodiment of the
present invention;

FIG. 10 is a flow chart illustrating the steps executed by the
driver assistance system;

FIG. 11 is a schematic top view of the driver assistance
system with an average trajectory based on a plurality of
previous trajectories along the road;

FIG. 12 is a graph illustrating the the assist force applied to
the vehicle based on driver resistance to an assistance torque;

FIG. 13 is a graph illustrating the change in gradient of the
assist force based on the distance from the boundary the
maximum torque for a specific driver;

FIG. 14 is a schematic top view of a vehicle having the
driver assistance system illustrated in FIG. 1 with a represen-
tation of a first calculated threshold distance between the
vehicle and the road boundary; and

FIG. 15 a schematic top view of a vehicle having the driver
assistance system illustrated in FIG. 1 with arepresentation of
a second calculated threshold distance and a representation of
the assist force applied to the vehicle.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Selected exemplary embodiments will now be explained
with reference to the drawings. It will be apparent to those
skilled in the art from this disclosure that the following
descriptions of the exemplary embodiments are provided for
illustration only and not for the purpose of limiting the inven-
tion as defined by the appended claims and their equivalents.

The disclosed exemplary embodiments are for a driver
assistance system 12 that applies a feedback operation to a
host vehicle 10 when traveling along a road 26. It is noted that
driver assistance system 12 may be used in a non-autonomous
vehicle, or an autonomous vehicle, as desired. The controller
14 of the driver assistance system 12 can adjust the timing and
the amount and type of a feedback operation to improve driver
comfort.

Referring initially to FIG. 1, a driver assistance system 12
for a host vehicle 10 is illustrated in accordance with an
exemplary embodiment. The driver assistance system 12
includes a controller 14, a sensor system 16, a positioning
system 18, a warning indicator 20 or system, a feedback unit
22 and a haptic feedback 24.

The controller 14 preferably includes a microcomputer
with a control program that controls the driver assistance
system 12 as discussed below. The controller 14 can also
include other conventional components such as an input inter-
face circuit, an output interface circuit, and storage device(s)
32, such as a ROM (Read Only Memory) device and a RAM
(Random Access Memory) device. The microcomputer of the
controller 14 is programmed to control one or more of the
sensor system 16, the positioning system 18, the warning
indicator 20 or system, the feedback unit 22 and the haptic
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feedback 24, and to make determinations or decisions, as
discussed herein. The memory circuit stores processing
results and control programs, such as ones for the sensor
system 16, the positioning system 18, the warning indicator
20 or system, the feedback unit 22 and the haptic feedback 24
operation that are run by the processor circuit. The controller
14 is operatively coupled to the sensor system 16, the posi-
tioning system 18, the warning indicator 20 or system, the
feedback unit 22 and the haptic feedback 24 in a conventional
manner, as well as other electrical systems in the vehicle 10,
such as the turn signals, windshield wipers, lights and any
other suitable systems. Such a connection enables the con-
troller 14 to monitor and control any of these systems as
desired. The internal RAM of the controller 14 stores statuses
of operational flags and various control data. The internal
ROM of the controller 14 stores the information for various
operations. The controller 14 is capable of selectively con-
trolling any of the components of the detection system in
accordance with the control program. It will be apparent to
those skilled in the art from this disclosure that the precise
structure and algorithms for the controller 14 can be any
combination of hardware and software that will carry out the
functions of the present invention.

As shown in FIG. 1, the controller 14 can include or be in
communication with user input devices 30. The user input
devices 30 can include, for example, a human-machine inter-
face (HMI) that enables a user (e.g., the driver and/or passen-
ger) to interact with the driver assistance system 12 as under-
stood in the art and discussed herein. The controller 14 can
further include or be in communication with one or more
storage device(s) 32, which can store information as dis-
cussed herein.

In an exemplary embodiment, the sensor system 16 can
include proximity sensors and optical sensors. In an exem-
plary embodiment, the proximity sensors include a plurality
of'sensors, and are configured to detect the boundary 28 of the
road 26 or other stationary or moving objects in proximity to
the sensor system 16. For example, as illustrated in FIG. 1,
front sensors 16a in the sensor system 16 are preferably
mounted externally on the front bumper and rear sensors 165
are mounted externally on the rear bumper of the host vehicle
10. However, the sensors in the sensor system 16 may be
mounted on any suitable external portion of the host vehicle
10, including the front and rear quarter panels, the external
mirrors or any combination of suitable areas.

The sensor system 16 is preferably configured to be
capable of detecting a boundary 28 of a lane or a road 26 or
other stationary or moving objects. However, the sensor sys-
tem 16 can be any type of system desirable. For example, the
front sensors 16a in the sensor system 16 can include a long-
range radar device for detection in front of the host vehicle 10.
The front radar sensor may be configured to detect objects at
a predetermined distance (e.g., distances up to 200 m), and
thus may have a narrow field of view angle (e.g., around 15°).
Due to the narrow field of view angle, the long range radar
may not detect all objects in the front of the host vehicle 10.
Thus, if desired, the front sensors 16a can include short-range
radar devices to assist in monitoring the region in front of the
host vehicle 10. The rear sensors 165 may include short-range
radar devices to assist in monitoring objects behind the host
vehicle 10. However, the sensors in the sensor system 16 can
be disposed in any position of the host vehicle 10 and may
include any type and/or combination of sensors to enable
detection of a remote vehicle 10 in the threat zone. In addi-
tion, the sensor system 16 may include cameras 16¢ (e.g.,
mounted on the mirrors 35), radar sensors, photo sensors or
any combination thereof. Although FIG. 1 illustrates four
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4

sensor sensors 16a and 165 and two cameras 16¢, there can be
as few or as many sensors as desirable or suitable.

Although the sensor system 16 can electronic detection
devices that transmit either electronic electromagnetic waves
(e.g., radar), the sensors can be any suitable sensors that, for
example, take computer-processed images with a digital cam-
era and analyzes the images or emit lasers, as is known in the
art. The sensor system 16 may be capable of detecting at least
the speed, direction, yaw, acceleration and distance of the
host vehicle 10 relative to the boundary 28 of the road 26 or
other stationary or moving objects. Further, the sensor system
16 may include object-locating sensing devices including
range sensors, such as FM-CW (Frequency Modulated Con-
tinuous Wave) radars, pulse and FSK (Frequency Shift Key-
ing) radars, sonar and Lidar (Light Detection and Ranging)
devices, and ultrasonic devices which rely upon effects such
as Doppler-effect measurements to locate forward objects.
Object-locating devices may include charged-coupled
devices (CCD) or complementary metal oxide semi-conduc-
tor (CMOS) video image sensors, and other known camera/
video image processors which utilize digital photographic
methods to “view” forward objects including one or more
remote vehicles 10. The sensor system 16 is in communica-
tion with the controller 14, and is capable of transmitting
information to the controller 14.

Additionally, the sensor system 16 is capable of determin-
ing the distance from the left, right, front and rear of the
vehicle 10 to a road boundary 28 or other stationary or moving
objects. For example, the sensor system 16 is capable of
detecting the road boundary 28, such as a wall, curb, lane
marker, etc., or other stationary or moving objects to the left
and right of the vehicle 10. Additionally, the sensor system 16
can include internal sensors capable of determining the steer-
ing wheel angle, the steering wheel angular speed and the
vehicle speed along the road 26. Based on this information,
the controller 14 is capable of calculating the relative posi-
tion, relative speed, angle of the vehicle 10 relative to the road
boundary 28, and estimated future position of the host vehicle
10.

The driver assistance system 12 may include a positioning
system 18, such as a GPS 36. In an exemplary embodiment
the vehicle 10 receives a GPS satellite signal. As is under-
stood, the GPS 36 processes the GPS satellite signal to deter-
mine positional information (such as location, speed, accel-
eration, yaw, and direction, just to name a few) of the vehicle
10. As noted herein, the positioning system 18 is in commu-
nication with the controller 14, and is capable of transmitting
such positional information regarding the vehicle 10 to the
controller 14.

The positioning system 18 also can include a storage
device 34 that stores map data 34a. Thus, in determining the
position of the vehicle 10 using any of the herein described
methods, devices or systems, the positioning of the vehicle 10
may be compared to the known data stored in the storage
device 34. Thus, the driver assistance system 12 may accu-
rately determine the location of the host vehicle 10 on an
electronic map. The storage device 34 may also store any
additional information including the current or predicted
vehicle 10 position and any past vehicle 10 position or any
other suitable information.

The warning indicator 20 may include warning lights and/
or a warning audio output and is in communication with the
controller 14. For example, the warning indicator 20 may
include a visual display or light indicator that flashes or illu-
minates the instrument cluster on the instrument panel of the
host vehicle 10, activates a heads-up display, is a visual read-
out in an information display unit, is an audible noise emitted
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from speaker, or any other suitable visual display or audio or
sound indicator or combination thereof that notifies the driver
or interior occupant of the host vehicle 10 that the distance
between the vehicle 10 and the road boundary 28 is below a
predetermined threshold or that the vehicle has deviated a
predetermined distance from a preferred trajectory. Further,
in an exemplary embodiment, the warning indicator 20
includes a visual indicator 38 or light on the housing of the
external mirror 35, or any other suitable portion of the exter-
nal mirror or portion of the vehicle 10.

As shown in FIG. 1, the feedback unit 22 may include
tactile feedback generated by the haptic feedback 24 that can
be a vibration actuator in the steering wheel, the driver seat, or
any other suitable location within the host vehicle 10. That is,
the feedback operation can include providing haptic feedback
24 to a portion of an interior of the vehicle 10 located proxi-
mate to the driver. For example, the feedback operation may
be a feedback force within the steering system 42 that notifies
the driver that the steering wheel 40 should be turned in a
specific direction. Such a feedback operation does not neces-
sarily need to alter the trajectory of the vehicle 10 but may be
a minor turn of the steering wheel simply to notify the driver
that a steering wheel operation is necessary. The feedback
unit 22 can thus provide feedback to the driver based on a
predetermined set of criteria. The feedback unit 22 is con-
nected to the controller 14, which is programmed to operate
the feedback unit 22 to warn the driver or control the vehicle
10. Preferably, the portion of the vehicle interior to which the
haptic feedback is provided is proximal to the driver.

Additionally, the feedback unit 22 may also be connected
to the steering system 42 of the vehicle 10, such that the
controller 14 can control the steering system 42 of the vehicle
10 based on a predetermined set of criteria. The feedback unit
22 can be connected to the steering wheel 40 or any other
suitable portion of the steering system 42. That is, the feed-
back unit 22 can apply an assist force to a portion of the
steering system 42 of the vehicle 10 to cause movement of the
vehicle 10 away from the boundary 28 or toward the preferred
trajectory. As shown in FIG. 2, the assist force (i.e., the assist
torque) applied to the steering system of the vehicle 10 causes
movement of the vehicle toward the preferred trajectory. As
shown in FIG. 5, for example, application of the assist force to
the steering system moves the vehicle 10 from a point 53 off
the preferred trajectory to a point 51 on the trajectory.

In a first exemplary embodiment of the present invention, a
method of assisting a driver of a vehicle includes identifying
a road to be driven by the driver using a position determina-
tion unit. A parameter is selected to assist a driver of the
vehicle in driving a segment of the road. The parameter
includes information on the location of a boundary along the
road and a preferred trajectory to be driven along the road. A
controller determines whether a current trajectory of the
vehicle while travelling the road is deviating from the pre-
ferred trajectory of the vehicle along the road. A feedback
operation is provided to assist the driver in guiding the vehicle
nearer to the preferred trajectory based on the selected param-
eter.

In a second exemplary embodiment of the present inven-
tion, a method of assisting a driver of a vehicle includes
identifying a road to be driven by the driver using a position
determination unit. A parameter is selected to assist a driver of
the vehicle in driving a segment of the road. The parameter
includes information on the location of a boundary along the
road and a preferred trajectory to be driven along the road. A
controller determines whether a driven trajectory of the
vehicle while travelling the road is deviating from the pre-
ferred trajectory of the vehicle along the road. A feedback
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6

operation is provided while travelling the road to assist the
driver in guiding the vehicle from the driven trajectory nearer
to the preferred trajectory based on the selected parameter.
The preferred trajectory is updated based on the driven tra-
jectory of the vehicle along the road.

In a third exemplary embodiment of the present invention,
amethod of assisting a driver of a vehicle includes identifying
a road to be driven by the driver using a position determina-
tion unit. A parameter is selected to assist a driver of the
vehicle in driving a segment of the road. The parameter
includes information on the location of a boundary along the
road and a preferred trajectory to be driven along the road.
The parameter has a series of values corresponding to a plu-
rality of locations along the road. A controller determines
whether a current trajectory of the vehicle while travelling the
road is deviating from the preferred trajectory of the vehicle
along the road. A feedback operation is provided to assist the
driver in guiding the vehicle nearer to the preferred trajectory
based on the selected parameter.

In a fourth exemplary embodiment of the present inven-
tion, a method of assisting a driver of a vehicle includes
obtaining a feature of a road to be traveled by the vehicle with
asensor and/or a GPS system. A parameter is selected to assist
a driver of the vehicle in driving a segment of the road based
on the feature of the road. The parameter includes informa-
tion on the location of a boundary along the road and a
preferred trajectory to be driven along the road. A controller
determines whether a current trajectory of the vehicle while
travelling the road is deviating from the preferred trajectory of
the vehicle along the road. A feedback operation is provided
to assist the driver in guiding the vehicle nearer to the pre-
ferred trajectory based on the selected parameter.

Turning to FIGS. 2 to 4, the host vehicle 10 is illustrated
traveling along a road 26. As one of ordinary skill will under-
stand, every driver may have a different comfort level as to
how close the host vehicle 10 can approach a road boundary
28 (e.g., a curb, a wall, a lane marker, or other road boundary
28) when deciding a trajectory when traveling along the road
26. Therefore, the driver assistance system 12 is capable of
notifying the driver or guiding the host vehicle 10 to a pre-
ferred trajectory, such as trajectory A or B in FIGS. 2-4.
Moreover, the host vehicle 10 may need to change the trajec-
tory depending on a passing vehicle 10, a pedestrian, a con-
struction/work zone, a change in the road 26 (or lane) width,
or any other possible scenario. Thus, it is clear that based on
the identity of the driver or certain circumstances on the road
26, the host vehicle 10 is capable of adapting to a variety of
acceptable trajectories between established road boundaries
28 along a road 26.

As shown in FIGS. 2-4, one driver may be comfortable
having the host vehicle 10 approach a road boundary 28 atone
distance, while another driver may be comfortable having the
host vehicle 10 approach the road boundary 28 at a different
distance such that both drivers have a different preferred
trajectory along the road 26. That is, one driver (e.g., driver A
in FIGS. 2 and 4) may not be comfortable approaching the
road boundary 28 at the same distance as another driver (e.g.,
driver B in FIGS. 2 and 3). In this exemplary embodiment,
driver B is generally more comfortable (i.e., aggressive)
approaching the road boundary 28 at a closer distance than
driver A (i.e., less aggressive). However, the distances may
vary along the road 26, and while one driver may generally
approach the road boundary 28 at less of a distance than
another driver, the trajectories for each driver may change at
any portion along the road 26. Thus, as shown in FIG. 8,
different assistance force maps are applicable to the different
trajectories A and B traveled by different drivers.



US 9,227,635 B1

7

Thus, the controller 14 (FIG. 1) can adjust the timing of an
assist force or warning dependent upon the preferences of the
driver and specific circumstances of the road 26. In other
words, the controller 14 may activate a tactile and/or visual
warning from the warning indicator 20 in the compartment of
the vehicle 10 and/or alter the direction and/or speed of the
vehicle 10 based on the preferred trajectory between the road
boundaries 28 for each vehicle 10 driver in each specific
circumstance. As shown by the arrows C in FIG. 2, the con-
troller 14 can alter the direction on the vehicle away from the
road boundary 28 to guide the vehicle 10 nearer to the pre-
ferred trajectory. This alteration of trajectory can be accom-
plished by turning the wheels of the host vehicle 10.

Thus, as shown in FIG. 9, the sensor system 16 senses a
road boundary 28 on the left and right sides of the vehicle 10
and transmits this information to the controller 14. The driver
assistance system 12 can also determine the steering wheel
angle, the steering wheel angular velocity and the vehicle 10
speed for each position along the road 26. This information is
communicated to the controller 14. The controller 14 calcu-
lates the relative position, relative speed, angle of the vehicle
10 relative to the road boundary 28, and estimates the likely
future position of the host vehicle 10 based on these variables.

The GPS 36 determines the latitude and longitude of the
host vehicle 10 and, along with the map data 34a stored in the
storage device 34, the location of the host vehicle 10 on a map
(e.g., the road 26 and lane) is determined. Based on the
determination of the host vehicle 10 location, a parameter is
selected. That is, based on a condition, a parameter to assist a
driver of the vehicle 10 when driving a segment of the road 26.
The condition can be the identity of the driver, location of the
host vehicle 10 relative to the road boundary 28, the speed of
the vehicle 10 angle of the vehicle 10 relative to the road
boundary 28, the estimated future position of the host vehicle
10 and/or a selection made by the driver. For example, in an
exemplary embodiment, the controller 14 can then select a
parameter based on the current location of the host vehicle 10
and the specific driver (i.e., identity of the driver).

Additionally, the GPS 36 and the sensor system 16 are
capable of determining features of the road 26. For example,
the GPS 36 and the sensor system 16 can determine the
curvature of the road 26, the gradient of the road 26, the width
of'the road 26, and a presence of an object in the road 26. In
an exemplary embodiment, the sensor system 16 can deter-
mine aspects of the road 26 based on the dimension and
location and comparison to known stored information or map
data. Thus, when selecting the parameter from a plurality of
parameters, the controller 14 can compare the feature of the
road 26 to a plurality of the stored feature values in the
plurality of parameters, when the feature of the road 26 that
corresponds to a predetermined stored feature of the plurality
of stored features. The features of the road 26 can be
weighted, such that one feature is weighted more than another
feature. Moreover, the controller 14 can determine a corre-
spondence between the feature on the road 26 and the stored
feature using at least one static obstacle position along the
road 26.

The parameter can be one or more of a distance threshold
(FIGS. 14 and 15), an assist force threshold (FIG. 12), and a
feedback force gradient (FIG. 13). In other words, the param-
eter can be a distance of the host vehicle 10 to the road
boundary 28, the amount of torque for assist force to apply to
the steering system and/or a predetermined increase or
decrease in the assist force. As shown in FIGS. 10 and 12, the
assistance force map changes based on the driver’s resistance
to the assistance torque. When the driver resists the assistance
torque applied by the assistance force, the applied assistance
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torque is increased as indicated by the dashed line 59 in FIG.
12. When the driver does not resist the assistance torque
applied by the assistance force, the applied assistance torque
is decreased as indicated by the solid line 60 in FIG. 12.

The parameter can also be a particular segment of the road
26, the trajectory of the host vehicle 10 during a previous
driving operation of the host vehicle 10 on the road 26, a
latitude and longitude location of the host vehicle 10 during a
previous driving operation of the host vehicle 10, distance
information about the location of the road boundary 28 with
respect to the road 26 based on a previous driving operation of
the vehicle 10 on the road 26.

In an exemplary embodiment, the parameter can be a plu-
rality of values corresponding to a plurality of boundary 28
locations along the segment of the road 26. For example, the
plurality of values can be distance thresholds for a plurality of
boundary 28 locations along the segment of the road 26, the
latitude and longitude information for the plurality of bound-
ary 28 locations along the segment of the road 26, weather
information for the plurality of boundary 28 locations along
the segment of the road 26, time of day information for the
plurality of boundary 28 locations along the segment of the
road 26, a position of at least one other vehicle 10 for the
plurality of boundary 28 locations along the segment of the
road 26, traffic information for the plurality of boundary 28
locations along the segment of the road 26, a position of at
least one static object for the plurality of boundary 28 loca-
tions along the segment of the road 26, a width of a lane for the
plurality of boundary 28 locations along the segment of the
road 26, and a number of lanes for the plurality of boundary
28 locations along the segment of the road 26.

Additionally, if desired, the parameter can be a plurality of
parameters. That is, the driver assistance system 12 can store
a plurality of parameters in the storage device 32. The con-
troller 14 can select one parameter or any combination of
parameters from the plurality of parameters.

In an exemplary embodiment, the controller 14 calculates
the assist torque for the assist force using at least one of the
distance to the boundary 28, an angle of the host vehicle 10
relative to the boundary 28, a curvature of the road 26, and/or
using estimated values for the distance of the vehicle 10 to the
road boundary 28, estimated values for the distance of the
vehicle to the preferred trajectory, angle of the vehicle 10
relative to the road boundary 28, angle of the vehicle 10 to the
preferred trajectory, the estimated curvature of the road 26 at
a predetermined period of time, estimated curvature of the
preferred trajectory, a lateral distance of the vehicle across the
road 26 (such as between points P and P' shown in FIG. 7),
and/or the current trajectory of the vehicle. The estimated
values can be based on the GPS and the sensor system 16 or
based on real time information or stored information. The
estimated values can be at a predetermined period of time in
the future. Such estimates can be based on the current trajec-
tory of the vehicle 10. The predetermined period of time in the
future can be based on a speed of the driver’s steering opera-
tion during previous driving maneuvers. For example, when
the driver’s steering operation is faster, the predetermined
period of time is shorter. The average speed of the driver’s
steering operation is estimated based on previous driving
maneuvers on the road 28 with or without application of the
assist torque. Based on at least one of these factors, the con-
troller 14 determines the amount of torque to apply to the
steering wheel. For example, when the distance to the road
boundary 28 is minimal, such as at points 53 and 54 of FIG. 5,
the angle of the car relative to the boundary 28 is high and the
curvature of the road 26 is high, the controller 14 may deter-
mine that a large assist force (i.e., large torque) needs to be
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applied to the steering system. In this situation, the controller
14 would then apply a large assist force to avoid the road
boundary 28 and guide the vehicle 10 nearer to the preferred
trajectory. For a point 51 at or near to the preferred trajectory,
little or no assist force is applied to guide the vehicle to the
preferred trajectory.

The parameters can be stored in one or more storage
devices 32 in the driver assistance system 12. In an exemplary
embodiment, the parameter can be manually selected by a
user. For example, the driver may determine that driver assis-
tance should be set such that the controller 14 will issue
feedback or apply an assist force at a predetermined distance
from a road boundary 28 or from the preferred trajectory. The
driver may manually set and store parameters using the user
inputs.

Moreover, the parameters can change (or be manually
changed) for each driver along a road and for each road. That
is, the driver may be comfortable at one distance from the
road boundary 28 or from the preferred trajectory at a first
portion of the road 26 and at another distance from the road
boundary 28 or the preferred trajectory at a second portion of
the road 26.

The parameters for each driver at each specific position
along the road 26 once calculated for each new position are
stored in the storage device 32. Thus, the system is capable of
learning the acceptable driving parameters for each driver.
That is, the preference of the assist force, the vehicle 10
location relative the boundary 28 and along the road 26, the
curvature and width of the road 26 at each position along the
road 26, for each driver can be stored and updated on a
continuous basis.

Further, the parameters can be updated based on a driving
operation of the vehicle 10 on the road 26 and/or based on a
condition of the steering system. The parameters can be
updated based on previous roads or on previous travel along
the current road 26, with respect to the road 26 based on the
previous driving operation of the vehicle 10 on the road 26,
with weather information (e.g., sunny, cloudy, rainy) during
the previous driving operation of the vehicle 10 on the road
26, with a time of day (e.g., day, night) during the previous
driving operation of the vehicle 10 on the road 26, with a state
of traffic state (e.g., sparse, congested) of the of the road 26
during the previous driving operation of the vehicle 10 on the
road 26, with a position of other vehicle 10s on the road 26
during the previous driving operation of the vehicle 10 on the
road 26, with a position of static objects proximal to the road
26 during the previous driving operation of the vehicle 10 on
the road 26, with pedestrian status during the previous driving
operation of the vehicle 10 on the road 26. The parameter map
can also be updated based on a steering input supplied by the
driver. For example, when the steering input is substantially
similar to the assist torque, the values of the parameter map
are changed to increase the assist torque.

For example, during inclement weather, at night, during
high traffic situations, or other situations, a specific driver
may prefer different distances from a road boundary 28 or
from the preferred trajectory than at other situations. More
specifically, a small distance from the road boundary 28 or
from the preferred trajectory may be acceptable during the
day, in clear weather with little traffic. However, a larger
distance from the road boundary 28 or the preferred trajectory
may be preferably at night, or in the rain with significant
traffic.

When traveling along the current road 26, the characteris-
tics of a previous road (similar to the current road 26) or the
current road 26 previously travelled (once or a plurality of
times) and the driver preferences along each road 26 can be
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used to update the parameters for the current road 26. More-
over, any of the factors discussed herein can be stored and
updated for each driver. Thus, ensuring that the most prefer-
ably parameters for each driver are available for the driver
assistance system 12.

Further, the parameters can be related to a particular road or
a particular segment of the road and can be stored based on
latitude and longitude of the road of segment of the road.
Thus, the controller 14 can identify the particular segment
based on latitude and longitude and select the parameter
based on this information. Further, when the road has been
travelled multiple times, the controller 14 can calculate the
parameters based on a statistical calculation of traveling the
segment of the road the plurality times previously. That is, the
statistical calculation can determine the average or mean for
each parameter to determine the most preferable environment
for the driver. Thus, the preferred trajectory can be updated
based on a plurality of previous trajectories traveled by the
host vehicle 10 along the road 28.

Accordingly, the parameters can be updated based on pre-
vious operation of the vehicle 10, such as during a previous
driving operation of the vehicle on the road 26. The param-
eters can be updated based on a statistical calculation (aver-
age, standard deviation or other suitable method) of a plural-
ity of previous driving operations on the road. For example, as
shown in FIG. 11, the average trajectory 56 is calculated
based on the previous trajectories 55 of the vehicle 10 along
the road 26. Accordingly, the parameters can include the
trajectory 55 of the vehicle 10 during a previous operation of
the vehicle 10 along the road 26. The series of parameter
values can include a distance threshold such that when the
distance of the vehicle 10 to the boundary 28 is less than a
distance threshold, the parameters indicate to apply the feed-
back operation. As shown in FIG. 14, the vehicle 10 is outside
the distance threshold 44 such that the feedback operation is
not applied. As shown in FIG. 15, the vehicle 10 is within the
distance threshold 44 to the boundary 28 such that the feed-
back operation is applied, thereby applying a torque assist
indicated by arrows C to the steering system of the vehicle 10.
The series of parameter values can also include latitude and
longitude information, curvature information, weather infor-
mation, time of day information, traffic information, infor-
mation regarding positions of other vehicles, positions of
static objects, presence of pedestrians, width of the road,
number of lanes in the road, and/or length of the road for the
plurality of boundary locations along the road 26.

Thus, as the host vehicle 10 approaches a road boundary
28, the road boundary 28 is sensed by the sensor system 16,
and the controller 14 determines whether the vehicle 10 is
approaching the road boundary 28 and the location of the road
boundary 28 relative to the host vehicle 10. The controller 14
determines this aspect based on a trajectory of the vehicle 10,
the location of the host vehicle 10 relative to the road bound-
ary 28, or in any other suitable manner.

In an exemplary embodiment, as the host vehicle 10
approaches the road boundary 28, the controller 14 deter-
mines that, based on the location of the host vehicle 10, driver
preferences, and/or a feature of the road 26, a feedback opera-
tion to assist the driver in guiding the vehicle to the preferred
trajectory based on the selected parameter is necessary. The
feature of the road 26 can be any desirable feature, such as one
of'or a plurality of the curvature of the road 26, the gradient of
the road 26, the width of the road 26, and a presence of an
object in the road 26. Thus, when selecting the parameter
from a plurality of parameters, the controller 14 can compare
the feature of the road 26 to a plurality of the stored feature
values in the plurality of parameters. When the feature of the
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road 26 corresponds to a predetermined stored feature of the
plurality of stored features, the controller 14 selects the
appropriate parameter. The features of the road 26 can be
weighted, such that one feature is weighted more than another
feature. Moreover, the controller 14 can determine a corre-
spondence between the feature on the road 26 and the stored
feature using at least one static obstacle position along the
road 26.

In an exemplary embodiment, as discussed herein, the
feedback operation is an assist force that is applied. That is, as
the host vehicle 10 is approaching the road boundary 28 or
deviating from the preferred trajectory such that the host
vehicle 10 has surpassed a distance threshold, the controller
14 determines that a feedback operation should be applied to
assist the driver of the vehicle 10. As shown in FIG. 5, the
greater the distance of the vehicle form the preferred trajec-
tory, the greater the assist force applied to the steering system.

In an exemplary embodiment, the controller 14 calculates
an assist force as the feedback operation. That is, the control-
ler 14 determines, based on the location ofthe host vehicle 10,
the speed of the host vehicle 10, the trajectory of the host
vehicle 10, and/or the identity of the driver, that an assist force
is necessary and the preferred torque of the assist force. The
controller 14 then applies the assist force, using an electric
power steering (EPS) motor 57 (FIG. 9) to move the vehicle
10 wheels (and the steering wheel, if desired) to move the
vehicle 10 away from the road boundary 28 or nearer to the
preferred trajectory. In other words, in this exemplary
embodiment, the feedback operation includes applying an
assist force when a distance of the host vehicle 10 to the road
boundary 28 or from the preferred trajectory is less than a
distance threshold (such as points 53 and 54 of FIG. 5). Once
the vehicle 10 is farther from the road boundary 28 or nearer
the preferred trajectory than the distance threshold, the con-
troller 14 terminates the assist force.

Alternatively, the controller 14 can cause a warning to be
communicated to the driver. The warning can be a tactile
warning through the steering wheel, the driver’s seat or in any
other suitable manner. Moreover, the warning can be a visual
warning through a light or other device in the instrument
panel or other portion of the vehicle 10, or the warning may be
an auditory warning. The warning may be alone or in addition
to the assist force applied by the EPS and can be any combi-
nation of tactile, visual and auditory.

As shown in FIG. 9, the calculation of the assist force is
also used in learning the specific preferences of a parameter
for a driver. This information is stored in a storage device 32
for later use for a specific driver.

FIG. 10 illustrates one procedure for applying the driver
assistance system 12. Initially, the sensor system 16 deter-
mines the location of the road boundary 28 relative to the host
vehicle 10. This information is transmitted to the controller
14. The steering wheel angle and rotational speed are then
determined, along with the speed of the vehicle 10. The
relative position and relative speed and angle to the road
boundary 28 a few seconds ahead are calculated and/or esti-
mated to determine the host vehicle 10’s location relative to
the road boundary 28. The controller 14 then determines
whether it is the first time the vehicle 10 has been on the
current road 26. When it is the first time the vehicle 10 has
been on the road 26, the controller 14 selects and loads a
default parameter, such as based on a road 26 having similar
characteristics. When the vehicle 10 has previously driven the
road 26, i.e., not the vehicle’s first time on the road 26, the
controller 14 selects and loads a parameter map.

Further, as discussed above, when it is the first time the host
vehicle 10 is traveling along the road 26, the characteristics of
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aprevious road (similar to the current road 26) and the driver
preferences along the previous road can be used to update the
parameter for the current road. In this exemplary embodi-
ment, the parameter is selected or loaded prior to or while
traveling along the current road. Accordingly, after traveling
a first road, the parameters based on the vehicle 10 traveling
the firstroad are updated. The updated parameters can then be
selected before traveling a second road. Additionally, the
updated parameters can then be selected before traveling the
first road again.

The preferred trajectory along the road 26 can be based on
parameter values related to the driven trajectory obtained
from traveling the road a plurality of times previously. The
parameter values can be based on a statistical calculation
from having traveled the road 26 a plurality of times previ-
ously. The parameters related to a particular road 26 can be
stored with the latitude and longitude of the particular road
26.

As shown in FIG. 9, a determination is made as to whether
the vehicle has traveled the road 26 before, and the then
selecting and loading the parameters associated with the pre-
viously traveled road. The parameters can include a driven
trajectory 55 during a previous driving operation of the road
26, as shown in FIG. 11. The parameters can also include the
latitude and longitude of the vehicle 10 and/or distance infor-
mation regarding the location of the boundary 28 with respect
to the road 26 during the previous driving operation. The
parameters can be updated with curvature information about
the boundary location with respect to the road, state of the
weather information, the time of day, the state of traffic, the
position of other vehicles on the road, the position of static
objects proximal to the road and/or the presence of pedestri-
ans during the previous driving operation of the vehicle 10 on
the road 26.

When the vehicle 10 has not traveled the particular road 26
previously, default parameters can be selected and loaded, as
shown in FIG. 10.

The controller 14 then calibrates the assist force for the
particular segment or portion of the road 26, and determines
the trajectory of the host vehicle 10. The controller 14 can
then determine the assist force necessary to move the vehicle
10 away from the boundary 28 or neared the preferred trajec-
tory without making the vehicle 10 driver and/or other occu-
pants uncomfortable.

Moreover, the controller 14 can determine the sequence of
the driver’s steering force against the assist force and adjust
the assist force parameter in the storage device 32 using this
information. The new assist force, along with the parameters
used to calculate the assist force can be stored in the storage
device 32 for further use on the road at other times.

Then, as discussed above, the controller 14 can apply a
feedback operation to assist the driver in avoiding the road
boundary 28, to guide the vehicle nearer the preferred trajec-
tory, or to merely make the driver comfortable. The feedback
operation can be the assist force or merely a warning to the
driver.

As shown in FIG. 6, the assist force can vary along the road
26. The parameters associated with the plurality of positions
along the preferred trajectory 58 can be stored with the par-
ticular position on the trajectory 58.

As shown in FIGS. 7 and 8, for example, trajectory B
indicates a more aggressive trajectory along the road 26, and
A indicates a less aggressive trajectory along the road 26. P
indicates the host vehicle 10 position on the left side of the
road 26, and P' indicates the host vehicle 10 position on the
right side of the road 26. Thus, for predetermined positions
along the road 26 the preferred trajectory can vary for each
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driver. As shown in FIG. 8, different assistance force maps are
associated with the different trajectories. Accordingly, based
on at least one condition of a plurality of conditions (e.g., the
distance along the road 26, the driver, the speed of the vehicle
10, the trajectory of the vehicle 10), the preferred trajectory
can be adjusted. Moreover, as the preferred trajectory is
adjusted the assist force can be adjusted by the controller 14.
That is, the assist force may be reduced for certain locations
along a road 26 or at certain vehicle 10 speeds.

Moreover, as shown in FIGS. 6 and 8, as the distance of the
host vehicle 10 from the preferred trajectory increases (i.e.,
closer to points P and P'), the assist force increases. That is,
when the host vehicle 10 is significantly beyond the preferred
trajectory, the controller 14 can apply a significant assist force
to the steering wheel. However, when the host vehicle 10 is at
or near the preferred trajectory, the controller 14 can apply a
slight or small assist force. Thus, the trajectory of the host
vehicle 10 is not significantly altered when significant alter-
ation is not necessary.

The assist force can also be applied based on a previous
user operation. That is, the assist force can be calculated using
apredetermined period of time of a speed of a steering opera-
tion during previous driving maneuvers. For example, the
time the steering is turned and angle that the steering wheel is
turned in previous driving operations can be used to deter-
mine the assist force. When the speed of the steering opera-
tion during previous driving maneuvers increases, a predeter-
mined period of time of applying the assist force is decreased.
Additionally, the average speed of the driver operation (i.e.,
turn of the steering wheel) can be estimated by usual driving
characteristics when the driver drives on a road 26 that is
similar to the current road 26 with or without the assist force.
Thus, the controller 14 can apply the assist force based on
previous driver characteristics.

Further, as discussed above, based on the preferred trajec-
tory and the driver preference, the controller 14 may learn and
adjust for each driver. That is, the preference of the assist
force, the vehicle 10 location relative the boundary 28 and
along the road 26, the curvature ofthe road 26 at each position
along the road 26, for each driver can be stored and updated on
a continuous basis.

As shown in FIG. 9, the selected parameter map can
include, for example, the location of a preferred trajectory
along the road 26 with respect to the boundary 28 and indi-
cates when to apply a feedback force. The parameter map can
further include a feedback force gradient to determine the
amount of feedback force to be applied. When the driver
assistance system 12 indicates to apply the feedback force,
such feedback force is calculated according to the feedback
force gradient. As illustrated in FI1G. 13, the gradient Q of the
assist force to the steering system can be adjusted for each
specific driver of the host vehicle 10 or based on a condition
of the host vehicle 10. That is, the controller 14 sets the
maximum assist torque for each driver based on the known
characteristics of the driver and the threshold distance from
the road boundary 28. As specifically illustrated in FIG. 13,
the gradient of the assist torque can be changed or modified
the closer the host vehicle 10 is to the road boundary 28 (i.e.,
the position R of the host vehicle 10 relative to the preferred
trajectory) and the maximum amount of assist force F to be
delivered to the steering system based on individual driver
preference.

Thus, as will be understood, the driver assistance system 12
as described herein will provide feedback to the driver based
on a distance from the preferred trajectory, the distance to the
boundary 28 and a driver’s individual skill and preference,
and other desired parameters or factors. Accordingly, the
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driver experience and comfort level while driver along roads
that may have significant traffic, narrow lanes or obstacles
along the side of the road 26, and maintaining a preferred
trajectory along the road will be improved.

The storage devices and GPS are conventional components
that are well known in the art. Since storage devices and GPS
are well known in the art, these structures will not be dis-
cussed or illustrated in detail herein. Rather, it will be appar-
ent to those skilled in the art from this disclosure that the
components can be any type of structure and/or programming
that can be used to carry out the present invention.

In understanding the scope of the present invention, the
term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having” and their
derivatives. Also, the terms “part,” “section,” or “portion”
when used in the singular can have the dual meaning of a
single part or a plurality of parts. Also as used herein to
describe the above embodiment(s), the following directional
terms “front”, “rear”, “left”, and “right” as well as any other
similar directional terms refer to those directions of a vehicle
equipped with the Method and System of Assisting a Driver
of'a Vehicle. Accordingly, these terms, as utilized to describe
the present invention should be interpreted relative to a
vehicle equipped with the Method and System of Assisting a
Driver of a Vehicle.

Theterm “detect” as used herein to describe an operation or
function carried outby a component, a section, a device or the
like includes a component, a section, a device or the like that
does not require physical detection, but rather includes deter-
mining, measuring, modeling, predicting or computing or the
like to carry out the operation or function.

The term “configured” as used herein to describe a com-
ponent, section or part of a device includes hardware and/or
software that is constructed and/or programmed to carry out
the desired function.

While only selected embodiments have been chosen to
illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims. For
example, the size, shape, location or orientation of the various
components can be changed as needed and/or desired. Com-
ponents that are shown directly connected or contacting each
other can have intermediate structures disposed between
them. The functions of one element can be performed by two,
and vice versa. The structures and functions of one embodi-
ment can be adopted in another embodiment. It is not neces-
sary for all advantages to be present in a particular embodi-
ment at the same time. Every feature which is unique from the
prior art, alone or in combination with other features, also
should be considered a separate description of further inven-
tions by the applicant, including the structural and/or func-
tional concepts embodied by such feature(s). Thus, the fore-
going descriptions of the embodiments according to the
present invention are provided for illustration only, and not
for the purpose of limiting the invention as defined by the
appended claims and their equivalents.

What is claimed is:

1. A method of assisting a driver of a vehicle, the method
comprising the steps of:

identifying a road to be driven by the driver using a position

determination unit;
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selecting a parameter to assist a driver of the vehicle in
driving a segment of the road, the parameter including
information on a location of a boundary along the road
and a location ofa preferred trajectory to be driven along
the road with respect to the boundary and indicates when
to apply a feedback force, the parameter further includ-
ing a feedback force gradient for determining the
amount of the feedback force to be applied, the feedback
force being calculated according to the feedback force
gradient;
determining, via a controller in communication with a
sensor system, whether a current trajectory of the
vehicle while travelling the road is deviating from the
preferred trajectory of the vehicle along the road; and
providing a feedback operation to assist the driver in guid-
ing the vehicle nearer to the preferred trajectory based on
the selected parameter, the feedback operation including
the application of the feedback force.
2. The method of claim 1, wherein
the step of providing the feedback operation to the driver
includes providing haptic feedback to a portion of the
vehicle interior located proximal to the driver.
3. The method of claim 1, wherein
the step of providing the feedback operation to the driver
includes the feedback force applying an assist torque on
a portion of a steering system of the vehicle to cause
movement of the vehicle toward the preferred trajectory.
4. The method of claim 3, wherein the feedback force
gradient is adjusted using at least one of the group consisting
of a lateral distance of the vehicle across the road, the current
trajectory of the vehicle, and curvature of the road.
5. The method of claim 1, wherein
the parameter is selected based on the condition of an
identity of the driver.
6. The method of claim 1, wherein
the parameter is selected based on the condition of a selec-
tion made by the driver.
7. The method of claim 1, wherein
the feedback force gradient is adjusted based on an identity
of the driver.
8. The method of claim 7, wherein
when the average speed of the driver’s steering operation is
faster, the predetermined period of time is shorter.
9. The method of claim 8, wherein
the preferred trajectory is based on a desired aggressive-
ness selected by the driver.
10. The method of claim 7, wherein
the average speed of the driver’s steering operation is esti-
mated based on previous driving maneuvers on the road
with or without the assist torque applied.
11. The method of claim 7, wherein
the preferred trajectory is based on a desired aggressive-
ness selected by the driver.
12. A method of assisting a driver of a vehicle, the method
comprising the steps of:
identifying a road to be driven by the driver using a position
determination unit;
selecting a parameter to assist a driver of the vehicle in
driving a segment of the road, the parameter including
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information on the location of a boundary along the road
and a preferred trajectory to be driven along the road;

determining, via a controller in communication with a
sensor system, whether a current trajectory of the
vehicle while travelling the road is deviating from the
preferred trajectory of the vehicle along the road; and

applying an assist torque on a portion of a steering system
to move the vehicle toward the preferred trajectory based
on the selected parameter,

the assist torque being calculated using estimated values
fora distance of the vehicle to the preferred trajectory, an
angle to the preferred trajectory, and a curvature of the
preferred trajectory at a predetermined period of time in
the future, and

the predetermined period of time in the future being based
on a speed of the driver’s steering operation during pre-
vious driving maneuvers.

13. A method of assisting a driver of a vehicle, the method

comprising the steps of:

identifying a road to be driven by the driver using a position
determination unit;

selecting a parameter to assist a driver of the vehicle in
driving a segment of the road, the parameter including
information on the location of a boundary along the road
and a preferred trajectory to be driven along the road;

determining, via a controller in communication with a
sensor system, whether a current trajectory of the
vehicle while travelling the road is deviating from the
preferred trajectory of the vehicle along the road; and

providing a feedback operation to assist the driver in guid-
ing the vehicle nearer to the preferred trajectory based on
the selected parameter,

the preferred trajectory being updated based on a plurality
of previous trajectories the vehicle travelled along the
road segment.

14. The method of claim 3, wherein

the feedback force gradient is adjusted using estimated
values for a distance of the vehicle to the preferred
trajectory, an angle to the preferred trajectory, and a
curvature of the preferred trajectory at a predetermined
period of time in the future.

15. The method of claim 14, wherein

an estimated value of the distance of the vehicle to the
boundary, an estimated value of the angle to the bound-
ary, and an estimated value of the curvature of the road
are calculated based on the vehicle’s current trajectory.

16. The method of claim 3, wherein

the feedback force is modified based on a resistance of the
drive to the applied assist torque.

17. The method of claim 1, wherein

the preferred trajectory is based on a desired aggressive-
ness selected by the driver.

18. The method of claim 1, wherein

the parameter is updated based on a driven trajectory along
the road segment during a previous driving operation.

19. The method of claim 1, wherein

the boundary is a wall or a curb proximal to the road.

20. The method of claim 1, wherein

the boundary is a lane marker on the road.
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